Introduction
Terminalia arjuna (Roxb.) W. A. (Family: Combretaceae), is a source plant of Ayurvedic classical drug namely Arjuna. Charaka Samhita included Arjuna among the groups indicated for the management of Udarda (urticaria). [1] Vrindamadhava (9 th AD), a medieval compendium recommended it in the management of Hridroga (heart disease). [2] The drug is attributed with wound healing property by most popular Nighantus like Dhanvantari, Kaiyadeva, Raja, and Bhavaprakash. [3] Hridya (cardiotonic) activity was described by Bhavamishra. [4] Arjuna is frequently employed by tribals in the management various diseased conditions. in inner and laminated in the outer part; taste is bitter and astringent. [9] Certain experimental studies provided evidence for its hypotensive activity in dogs, [10] protection against isoproterenol induced myocardial ischemic injury in Wistar albino mice and hypolipidemic activity in hyperlipidemic rabbits. [11] Some of the studies confirmed antibacterial, antiviral, and wound healing activities. [12] [13] [14] Clinical studies documented beneficial activity in patients suffering from congestive cardiac failure. [15] A critical review of research studies so far carried out on Arjuna clearly indicates that the bark of it was not studied for its analgesic activity. Keeping this in view, the present study was planned and carried out based on tribal claim for assessing analgesic activity in Swiss albino mice by tail flick method, acetic acid-induced writhing reflex and formaldehyde-induced paw licking method.
Materials and Methods

Collection of plant materials
The bark of T. arjuna was collected from outskirts of Jamnagar, Gujarat and was authenticated by expert, Pharmacognosy Laboratory, IPGT and RA, Gujarat Ayurved University, Jamnagar. Sample was deposited in the herbarium of Pharmacognosy Laboratory, IPGT and RA, Gujarat Ayurved University, Jamnagar. The flat thick bark was made into pieces, and shade dried for 15 days and then pulverized. Powder was stored in air tight glass container to carry out further evaluation.
Experimental animals
Charles foster strain albino rats of either sex; weighing 200 ± 20 g for formaldehyde-induced paw licking response and Swiss albino mice of either sex, weighing 30 ± 6 g for the acetic acid-induced writhing syndrome and tail flick test were used for the study. Animals were obtained from the animal house attached to the Pharmacology Laboratory, IPGT and RA, Gujarat Ayurved University, Jamnagar. The animals were maintained on "Amrut" brand animal pellet feed of Pranav Agro Industries and tap water was given ad libitum. The temperature and humidity were kept at optimum level and animals were exposed to natural day-night cycles. The experiments were carried out in conformity with the guidelines of the Institutional Animal Ethics Committee (IAEC) after obtaining its permission (approval no. IAEC/10/12/21) and care of animals was taken as per the Committee's guidelines for the Purpose of Control and Supervision on Experiments on Animals (CPCSEA) guidelines.
Dose fixation and grouping
The dose fixation for the experimental animals was done on the basis of body surface area ratio by referring to the standard table of Paget and Barnes. [16] The adult human dose (3 g/day) was converted to animal dose. On this basis, the rat dose and mice dose were found to be 270 mg/kg and 400 mg/kg, respectively. All experiments were carried out at two-dose levels, viz., therapeutically equivalent dose (TED) and TED × 2. For each study, 18 animals were selected and divided into three groups containing equal animals wherein first group serving as a control group receiving distilled water only and second and third group labeled as TED and TED × 2 groups. The test drug was suspended in deionized water and administered orally with the help of gastric catheter sleeved to syringe.
Acetic acid-induced writhing syndrome
Acetic acid (1% v/v) was administered intraperitoneally to all the groups at a dose of 1 ml/kg body weight 60 min after the administration of test compounds. [17] The analgesic effect was recorded by counting the number of writhes after the injection of acetic acid for a period of 30 min. A writhe is indicated by abdominal constriction and full extension of the hind limbs.
Formaldehyde-induced paw licking response in rats
The effect of test drug on the formaldehyde-induced paw licking response was evaluated by adopting the method used in previous research work. [18] After the injection of formaldehyde, the animals were kept under observation for half an hour. The time taken for the onset of paw licking, and its frequency was measured in two phases as 0-10 min and 20-30 min.
Tail flick test
The basal reaction time of animals to radiant heat was recorded by placing the tip (last 1-2 cm) of the tail on the radiant heat source. The tail withdrawal from the heat (flicking response) is taken as the end point. The animals that showed a flicking response within 3-5 s were selected for the study. A cut-off period of 15 s is observed to avoid damage to the tail. After the administration of the drug, the tail flick response was taken at 30 min, 60 min, 90 min, 120 min, 180 min, and 240 min. [19] 
Statistical analysis
Student's t-test for unpaired data has been used for analyzing the data generated during the study.
Observations and Results
Study on acetic acid-induced writhing syndrome in mice showed that pretreatment with test drug at both the dose levels apparently decreased the latency of onset of writhing. However, only the decrease observed in onset of writhing in TED treated group is found to be statistically significant. Test drug at both the doses significantly decreased the writhing syndrome in comparison to control group [ Table 1 ].
In comparison to control group, incidences of formalin-induced paw licking were reduced in test drug groups at both the dose levels in both early and late phases of pain. However, only the inhibition of pain observed in late phase nociception is found to be statistically significant in both test drug groups [ Table 2 ].
In tail flick response, threshold for tail flick response was significantly increased in both test drug-treated groups at every time intervals in comparison to control group. The observed increase for tail flick response in TED dosed group is found to be better than that of high dose treated group [ Table 3 ].
Discussion
Intraperitoneal administration of acetic acid releases prostaglandins and phlogistic mediators like PGE2 and PGE2a, and their levels were increase in the peritoneal fluid of the acetic acid-induced mice. [20] The drug in the therapeutic dose and in the double dose group significantly (P < 0.001) reduced the number of abdominal constrictions and stretching of the hind limbs induced by the injection of acetic acid in a dose-dependent manner. The abdominal constrictions produced after the administration of acetic acid are related to sensitization of the analgesic receptors to prostaglandins. It is, therefore, possible that the drug is effective due to its analgesic effect, probably by inhibiting the synthesis or action of prostaglandins.
When formalin is injected subcutaneously into the paw, it produces intense pain reaction. The effect is seen in two phases. The initial phase lasts for 0-10 min of the formaldehyde injection, it is supposed to be mediated through modulation of neuropeptides. [21] The second phase, which is observed 20-30 min of the formaldehyde injection, is supposed to be mediated through release of inflammatory mediators like prostaglandin. Centrally acting drugs inhibit both phases, while peripherally acting drugs only inhibit the second phase. Test drug at both dose levels insignificantly decreased the paw licking episodes at first phase while significantly decreased at later phase which indicates analgesic activity of test drug seems to be through central mechanism.
Tail flick model, which is thermal-induced nociception indicates narcotic involvement which is sensitive to opioid μ receptors. [22] The study shows prolonged analgesic effect of the test drug. The presence of analgesic activity in this model indicates that the mechanism of action is central. The mechanism through which this effect is brought about may be due to modulation of opioid receptors or by release of endogenous analgesic factors such as encephalin and endorphin.
Conclusion
A tribal claim about powdered stem bark of Arjuna (T. arjuna) indicated in the management of pain was evaluated in animals (rats and mice) for its analgesic activity against acetic acid-induced writhing syndrome, formaldehyde-induced paw licking response and tail flick test. The study was carried in three groups, that is, control, TED, and TED × 2 groups. Statistically significant analgesic activity was observed in acetic acid-induced writhing syndrome and formaldehyde-induced paw licking response with both TED and TED × 2 groups. In tail flick test, TED group has shown statistically significant response in comparison to TED × 2 groups. The present study has produced scientific validation of the tribal claim which may promote to explore its value by well-planned clinical trials.
